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ABSTRACT
The G14.225-0.506 infrared dark cloud (IRDC G14.2) displays a remarkable complex of parallel
dense molecular filaments projected on the plane of the sky. Previous dust emission and molecular-
line studies have speculated whether magnetic fields could have played an important role in the
formation of such long-shaped structures, which are hosts to numerous young stellar sources. In this
work we have conducted a vast polarimetric survey at optical and near-infrared wavelengths in order
to study the morphology of magnetic field lines in IRDC G14.2 through the observation of background
stars. The orientation of interstellar polarization, which traces magnetic field lines, is perpendicular
to most of the filamentary features within the cloud. Additionally, the larger-scale molecular cloud
as a whole exhibits an elongated shape also perpendicular to magnetic fields. Estimates of magnetic
field strengths indicate values in the range 320 − 550µG, which allows sub-alfve´nic conditions, but
does not prevent the gravitational collapse of hub-filament structures, which in general are close to the
critical state. These characteristics suggest that magnetic fields played the main role in regulating the
collapse from large to small scales, leading to the formation of series of parallel elongated structures.
The morphology is also consistent with numerical simulations that show how gravitational instabilities
develop under strong magnetic fields. Finally, the results corroborate the hypothesis that a strong
support from internal magnetic fields might explain why the cloud seems to be contracting on a time
scale 2− 3 times larger than what is expected from a free-fall collapse.
Subject headings: ISM: Infrared dark clouds: G14.225-0.506 — ISM: magnetic fields — Stars: forma-
tion — ISM: dust,extinction — ISM: evolution — Techniques: polarimetric
1. INTRODUCTION
Filamentary structures in the interstellar medium
(ISM) are commonly observed in many different types
of environments, such as diffuse nearby clouds (Penprase
et al. 1998; McClure-Griffiths et al. 2006), giant molec-
ular clouds (Lis et al. 1998; Hill et al. 2011), Hii regions
(Anderson et al. 2012; Minier et al. 2013), and super-
nova remnants (Gomez et al. 2012). Their presence in
the Milky Way Galaxy has typically been revealed by
numerous different observing techniques, including vi-
sual extinction, HI emission, molecular line surveys and
dust thermal emission. In particular, dense molecular
filaments are in general associated with star-forming re-
gions. Myers (2009) pointed out, for instance, that all
the nearest low-mass star formation sites (within 300 pc
from the Sun) seem to present a hub-filament structure,
with some of them showing evenly-spaced parallel fila-
ments.
Although filaments are known for many decades, dur-
ing more recent years, observations of dust thermal emis-
sion from the Herschel space observatory (Pilbratt et al.
2010) provided a groundbreaking understanding of fila-
ments in the ISM, showing that they are in fact ubiq-
uitous especially within giant molecular clouds (Andre´
et al. 2010; Molinari et al. 2010), which includes both qui-
escent and star-forming regions. The recognition of fila-
ments as active sites of star-formation was made clear by
the fact that most of the observed pre-stellar cores seem
to form in gravitationally unstable filaments (Andre´ et al.
2010; Arzoumanian et al. 2011). That led to an increas-
ing interest in explaining how these structures are formed
and how they evolve. Although turbulent motions in the
ISM might be responsible for the formation of some fila-
ments (Arzoumanian et al. 2011), other plausible expla-
nations are the convergence of flows, large-scale collisions
between filaments, or gravitational instabilities (Schnei-
der et al. 2010; Jime´nez-Serra et al. 2010; Nakamura et al.
2012; Nakajima & Hanawa 1996; Van Loo et al. 2014),
a scenario which is also supported by numerical models
(Go´mez & Va´zquez-Semadeni 2014).
In addition, it is well known that the interstellar
medium is entirely threaded by a large-scale structure
of magnetic field lines that pervades the whole Galaxy
(Mathewson & Ford 1970; Reiz & Franco 1998; Heiles
2000; Santos et al. 2011). This includes the filaments as
well as the dense molecular cores where the star forma-
tion is taking place (e.g., Alves et al. 2008; Girart et al.
2006, 2009; Zhang et al. 2014; Li et al. 2015). In general,
a small level of ionization is sufficient to provide enough
coupling between the magnetic fields and the interstellar
gas (Heiles & Crutcher 2005). Indeed, magnetic fields
might also play an important role in generating filamen-
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tary structures, as suggested by several authors (Nagai
et al. 1998; Nakamura & Li 2008; Li et al. 2013, 2015).
G14.225-0.506 (hereafter IRDC G14.2) is an infrared
dark cloud at a distance of 1.98+0.13−0.12 kpc (Xu et al. 2011;
Wu et al. 2014) that shows an intricate pattern of fil-
aments. These filaments are clearly seen in absorp-
tion against the bright mid-infrared background Galactic
emission, as identified by Peretto & Fuller (2009) us-
ing Spitzer Space Telescope data1. This region is part
of a larger complex of clouds including the well-known
M17 star-forming area (Elmegreen & Lada 1976). Later
studies revealed star formation signs such as H2O maser
emission (Jaffe et al. 1981; Palagi et al. 1993; Wang et al.
2006) and emission from dense gas tracers toward IRAS
18153-1651, which is one of the bright infrared sources in
the region (Plume et al. 1992; Anglada et al. 1996), with
a luminosity of 1.1× 104 L. Furthermore, many young
stellar objects were later identified by Povich & Whitney
(2010, who labeled this region as M17 SWex), including
several Class 0 and I sources. Although IRDC G14.2
does not appear to host very massive stars, a few ultra-
compact Hii regions are located amongst its filamentary
structures (Bronfman et al. 1996; Jaffe et al. 1982). Bus-
quet et al. (2013, herafter Paper I) presented ammonia
observations in IRDC G14.2, inferring that the parallel
arrangement of most filaments could be explained by the
gravitational collapse of an unstable thin layer threaded
by magnetic fields (Van Loo et al. 2014).
The sky-projected morphology of magnetic field lines
may be mapped through studies of the interstellar polar-
ization due to magnetically aligned dust particles, either
through observations of background starlight, or direct
thermal emission from dust. Although the detailed as-
pects of the alignment mechanism is one of the most long-
standing issues in the physics of the ISM, it is now gener-
ally believed that radiative torques are a dominant effect
(Dolginov & Silantev 1976; Draine & Weingartner 1996;
Lazarian 2007), as suggested by different studies (Whit-
tet et al. 2008; Andersson et al. 2011; Alves et al. 2014;
Jones et al. 2015). Even though different large-scale po-
larization emission surveys have been providing and un-
precedented view of magnetic fields in the ISM (such as
Planck – Planck Collaboration et al. 2015 – and BLAST-
Pol – Fissel et al. 2016), the spatial resolution needed to
distinguish filamentary features at distant clouds is still
a challenge, making optical and near-infrared (NIR) po-
larimetry of background starlight a viable option.
IRDC G14.2 is an ideal target for investigating the role
of magnetic fields in generating filamentary structures.
In this work, we present a vast extension of a prelimi-
nary polarimetric dataset previously shown in Paper I.
This includes optical and NIR observations encompass-
ing all the filamentary network of IRDC G14.2, as well
as the associated large-scale molecular cloud. In Section
2 we describe the polarimetric observations, as well as
the data processing. Results and analysis are shown in
Section 3, which includes studies of the relative orienta-
tion between magnetic fields with the cloud and internal
filaments, as well as estimates of various important phys-
1 Based on the Galactic Legacy Infrared Mid-Plane Survey Ex-
traordinaire (GLIMPSE, Benjamin et al. 2003) and the Multiband
Imaging Photometer for Spitzer Galactic Plane Survey (MIPSGAL,
Carey et al. 2009).
ical paramenters. A detailed discussion of the results is
given in Section 4 and the final conclusions in Section 5.
2. OBSERVATIONAL DATA
The polarization data used in this work was collected
at the 1.6 m telescope from the Pico dos Dias Observa-
tory (OPD2, Brazil), in a series of observations during
July 2011, May 2013 and April 2014. A small portion of
the NIR data, focused on a fraction of the IRDC G14.2
filamentary complex, was previously shown in its prelim-
inary version in Paper I. The current work presents a
widely extended version of the same NIR dataset, cov-
ering the entire group of interstellar filaments (in the H
band). Additionally, an optical survey was conducted
(using the R band), to map an even larger area compris-
ing the large-scale cloud in which the dense filaments are
embedded.
The instrumental set was composed by the IAGPOL
polarimeter, together with an imaging detector, which
could be either an optical CCD or a NIR detector
(HAWAII 1024×1024 pixels – CamIV), depending on
the spectral ranges used at each observing run. The
polarimeter consists of a rotating achromatic half-wave
plate followed by an analyzer and a spectral band filter
(for more information on the instrument and the data re-
duction process, see Magalhaes et al. 1996; Santos et al.
2012). By rotating the half-wave plate in discrete and
successive angles of ψ = 22.5◦, the linear polarization ori-
entation of the incident light changes in steps of 45◦. The
analyzer splits the light beam in two orthogonally po-
larized components, which are simultaneously collected
by the detector. The consecutive rotations of the half-
wave plate produce relative intensity variations between
the two components, defining an oscillating modulation
function proportional to cos4ψi. The flux-normalized Q
and U Stokes parameters are determined through a least-
square fitting of this function, using the relative intensity
for all targets at each half-wave plate position. There-
after, this allows the calculation of the polarization de-
gree (p) and orientation in the plane of the sky (θ).
In this way, p and θ are found for the majority of the
point-like sources detected in each observing field. The
optical field-of-view covers a 11′ × 11′ area as opposed
to 4′ × 4′ for the NIR detector. Therefore, a mosaic-
mapping was adopted to cover a wider area of the sky.
For IRDC G14.2, the R-band observations consisted of a
5× 5 mosaic grid (25 fields), resulting in a mapping of a
∼ 53′ × 53′ area. The H-band observations consisted of
8 fields, and were focused on the filamentary structures
located approximately at the center of the larger-scale
area covered by the R-band survey. For each optical field,
two sets of 8 half-wave plate positions were used, with a
long (60 s) and a short exposure (10 s) at each position.
For the NIR, sixty 10 s images where acquired for each
half-wave plate position, while dithering the telescope to
remove the thermal background signal, summing up to a
total exposure of 600 s per half-wave plate position (the
same procedure was repeated in each field-of-view).
Image processing and photometry were performed us-
ing IRAF3 routines (Tody 1986), which typically consist
2 The Pico dos Dias Observatory is operated by the Brazilian
National Laboratory for Astrophysics (LNA), a research institute
of the Ministry of Science, Technology and Innovation (MCTI).
3 IRAF is distributed by the National Optical Astronomy Ob-
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of a correction of the bias and flat-field pattern, back-
ground sky subtraction, detection of point-like sources
(with a threshold of 5σ above the local background),
flux measurements and configuration of the image’s as-
trometry (world coordinate system). Computation of lin-
ear polarization for each star was done with the PCCD-
PACK set of routines (Pereyra 2000), and calibration of
the zero-point polarization angle was based on polarimet-
ric standard sources observed each night (Wilking et al.
1980, 1982; Clemens & Tapia 1990; Turnshek et al. 1990;
Larson et al. 1996). Finally, de-biased polarization values
were computed (p → (p2 − σ2p)1/2, Wardle & Kronberg
1974). In the analysis that follows, we use only detec-
tions with values of p/σp greater than 4 and 5 for the R
and H band samples, respectively.
3. RESULTS AND ANALYSIS
3.1. Polarization maps and general interstellar features
Polarization orientations are assumed to trace the sky-
projected orientation of magnetic field lines. To under-
stand their relation to the surrounding ISM, we begin by
plotting segments over different images covering distinct
spectral ranges. Figures 1a and 1b respectively show the
entire ensembles of R-band (red) and H-band polariza-
tion data (blue). The segments sizes are proportional to√
p, allowing a less biased visualization of the magnetic
field morphology, particularly in this case where there
is a mixture of segments displaying large variations of
polarization degree.
In this work, the analysis of the R-band and H-band
polarimetric samples are distinguished by the fact that
they are useful in tracing respectively the large-scale and
the small-scale magnetic field structure around IRDC
G14.2. More specifically, here we define small scales as
the typical range of lengths of the filaments found in
IRDC G14.2 (∼ 1 − 3 pc, green NH3 contours in Fig-
ure 1b), and large scales as sizes on the order of the
molecular cloud in which the filaments are embedded
(∼ 20 − 40 pc, cyan visual extinction contours – AV –
in Figure 1a). On one hand, while the R-band detec-
tions are limited by extinction to trace only more diffuse
ISM, they are distributed along a large area covering the
molecular cloud’s surroundings. On the other hand, the
H-band polarimetry covers only the central areas, but are
less affected by extinction and therefore a large number
of segments are concentrated around the filaments.
In both Figures 1a and 1b the background image cor-
responds to Hα observations (Parker et al. 2005). Thus,
the image shows both stellar point sources and patches
of bright extended emission due to the presence of the
RCW 157 Hii region, also known as Sh 2-44 (outlined by
the curved yellow dashed line). The association of RCW
157 Hii region with IRDC G14.2 is not clear as there is a
discrepancy in the distance of RCW 157 region (∼ 2 kpc
according to Avedisova & Palous 1989, and 3.7 kpc ac-
cording to Deharveng et al. 2010 and Lockman 1989). In
any case, in this work we excluded from the analysis the
polarization data around RCW 157 region since the orig-
inal morphology of magnetic field lines might have been
servatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
distorted due to the expansion of the ionized volume.
More discussion will be given in Section 4.4.
Figures 1c and 1d show the foreground-corrected po-
larization segments, respectively in the R and H bands.
The detailed process of foreground correction is discussed
in Section 3.2. Background images in this case corre-
spond to the Herschel-SPIRE 250µm (Figure 1c) and the
Spitzer 8µm (Figure 1d). The large-scale dust cloud, as
well as the complex of filamentary structures embedded
within are clearly observed in these images. The close-up
view from Spitzer (Figure 1d) exhibits a better resolution
view of the intricate pattern of interstellar filaments, seen
in absorption against the Galactic background infrared
radiation.
3.2. Visual extinction estimates and foreground
polarization correction
Considering the distance to IRDC G14.2, it is likely
that a considerable fraction of the detections actually
correspond to foreground stars (particularly those de-
tected in the R-band mapping). Therefore, two distinct
operations must be applied to correct for the foreground
contamination:
• Correction A: foreground stars must be identified
at least statistically, and removed from the sample;
• Correction B: the polarization component pro-
duced by the foreground material must be de-
termined and subtracted from the background
sources.
In the general direction of the dark cloud, stars dis-
tributed along different distances probe interstellar po-
larization features produced by different interstellar com-
ponents. Since individual distances are not known, one
may use the visual extinction as a general proxy, giving
us an approximate idea of the star’s location along the
line-of-sight.
Estimates of the visual extinction AV for each stellar
object were obtained based on 2MASS photometric data
(Skrutskie et al. 2006). Among the total of 4627 and 584
stars from our R-band and H-band samples, respectively,
1227 and 337 were either not found in the 2MASS catalog
or excluded due to poor photometry in at least one of the
NIR bands (J , H or Ks). Thus, the following analysis
applies only to the objects found in the 2MASS catalog,
with valid photometric values.
The visual extinction determination method is based
on color-color diagrams (J −H) × (H −Ks) which are
shown in Figures 2a and 2b for the R-band and H-band
polarimetric samples, respectively. As may be noted,
reddening causes points to spread along a band (gray
dashed lines), since each data point is displaced from its
de-reddened position an amount proportional to the vi-
sual extinction. Therefore, by de-reddening each point
upon reaching the main sequence locus, it is possible
to estimate AV by applying general interstellar relations
given by Fitzpatrick (1999). This method is not meant
to provide a highly precise determination of AV , since
individual spectral types are not known and general as-
sumptions regarding the relation between color excess
and extinction have to be made (Fitzpatrick 1999). How-
ever, it is sufficiently robust to provide an approximate
4 Santos et al.
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Fig. 1.— Polarization maps of IRDC G14.2 showing the entire R band (a) and H band (b) datasets, as well as the foreground-corrected
samples (see Section 3.2) in the R and H band (c and d, respectively). The optical mapping (red segments) covers a large-area around the
cloud that is indicated by the cyan-colored AV contours in panel a (4, 5, 6 and 7 mag levels, Dobashi et al. 2013). The NIR dataset (blue
segments) is focused on the central filamentary features (green contours in panel b, representing the integrated NH3(1,1) emission with
levels of 40 mJy beam−1 km s−1, from Paper I). Polarization segments lengths are scaled proportional to √p (each panel shows reference
sizes for 5% and 20% segments in the top right). Background images are from the SuperCOSMOS Hα survey in panels a and b (Parker
et al. 2005), from Herschel-SPIRE 250µm in panel c and Spitzer-IRAC 8µm in panel d. The different wavelengths reveal emission features
from different ISM components, such as ionized gas, cold or warm dust. The RCW 157 area is indicated by the yellow dashed line in panels
a and c. Pillars at the edge of this area are located by the black arrow (see Section 4.4). Red arrows indicate striations perpendicular to
the filaments, both in the Hα (b) and Spitzer images (d, see Section 4.1). The large-scale orientation of the cloud is indicated by the dotted
cyan line in panel c (≈ 43◦ relative to the north celestial pole).
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Fig. 2.— Color-color (J − H) × (H − Ks) diagrams based on
2MASS for objects from the R band (a) and H band datasets (b).
The loci which corresponds to the unreddened (AV = 0) main se-
quence, giants and supergiants, is indicated by a solid line (Koorn-
neef 1983; Carpenter 2001). The reddening band (parallel to the
reddening vector Fitzpatrick 1999) is represented by dashed gray
lines, in which each bullet indicated increments of 10 mag. The
yellow line represents main sequence stars with spectral types later
than G5.
estimate, as needed in this work. It is important to point
out that when de-reddening each point along the redden-
ing band, the main sequence locus can be crossed twice
(early-type and later-type stars), suggesting that there
is an apparent degeneracy in the AV estimate. However,
assuming the 2MASS photometric completeness limits,
it is easy to show that un-reddened main sequence stars
with spectral types later than G5 (the yellow line start-
ing on the yellow plus sign) are too faint to be observed
at such distances. Thus, the late-type portion of the
main sequence can be ignored (the yellow line) and only
the early-type main sequence locus is used, removing the
ambiguity. Also notice that the early-type portion of the
main sequence locus is superposed to the giants and su-
pergiants locus in a (J − H) × (H −Ks) diagram, and
thus the AV estimate doesn’t depend on the luminosity
class. For the R-band, only objects inside the reddening
band are considered valid for this calculation (red or blue
crosses), while objects outside (black dots) are excluded.
In this way, sources with infrared color excess (typically
displaced to the right side of the reddening band), which
are known to present circumstellar discs (and therefore
possibly intrinsic polarization by scattering), are auto-
matically removed.
The R-band diagram shows that there are stars with
a distribution of various extinction levels. Analyzing
E(b−y) reddening maps from Reis et al. (2011) we notice
that along the cloud’s line-of-sight, the foreground ISM
closer to the Sun (d . 300 pc) contributes with AV ∼ 1
mag (assuming the general relation AV = 4.3E(b − y)).
Estimates of the extinction and polarization levels asso-
ciated to the material beyond these local regions may
be done by studying the compilation of PV (polarization
degree at the V band) and E(B − V ) (interstellar red-
dening) data by Heiles (2000) as a function of distance.
Considering a radius of 1◦ centered on the cloud, 15 stars
with distance smaller than 2.0 kpc are found. Their mean
R-band polarization degree and angle are respectively
0.7± 0.2% and 67◦, giving us an initial idea of the fore-
ground polarization level. It is important to point out
that we have converted the polarization degree from V
to R band using the relation by Serkowski et al. (1975),
assuming typical grain sizes, which corresponds to a peak
in polarization spectrum around λmax = 0.55µm. The
mean E(B − V ) value using the same 15 objects from
Heiles (2000) is 0.6 mag, corresponding to AV ≈ 2.0 mag
(assuming AV = 3.1E(B − V )).
Using the 2 mag level as a general proxy for the fore-
ground visual extinction, we proceed with the analysis by
constructing the histograms in Figure 3. The first his-
togram (Figure 3a) shows the distribution of polarization
values for stars with AV < 2 mag, while Figure 3b shows
the distribution for AV > 2 mag. A peak is seen in
the first case (the blue Gaussian fit), while for higher
extinctions (Figure 3b) the Gaussian profile vanishes,
shifting to a flat-like distribution. This indicates that
objects encompassed by the Gaussian curve are proba-
bly foreground objects, while higher extinction sources
are most likely background stars. To determine the fore-
ground polarization angle, the third histogram (Figure
3c) shows θR for stars with AV < 2 mag and p < 1.5%
(i.e., considering only objects below the Gaussian curve
of Figure 3a). From the peak of Gaussian fits of Fig-
ures 3a and c, we estimate values of respectively 0.67%
and 64◦ for polarization percentage and orientation an-
gle in the R band, matching very well the expectations
based solely on the Heiles (2000) data. Additionally, the
foreground value obtained is practically invariant under
slight changes in the AV and p cut-offs used here, show-
ing that this is a robust computation.
Notice that the shape of the polarization angle distri-
bution in Figure 3c deviates slightly from a Gaussian-
like, suggesting that the foreground component is not
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Fig. 3.— Histograms used to estimate the foreground contribu-
tion to the R band polarimetric sample: panel a shows the distri-
bution of pR for AV < 2 mag (which is a general proxy for the
foreground extinction), with a Gaussian fit peaked at 0.64%; panel
b shows the distribution for AV > 2 mag (the same Gaussian fit
from panel a is shown as reference); in panel c the distribution of
θR is shown, considering only polarization detections with AV < 2
mag and pR < 1.5%. The Gaussian fit indicates an average fore-
ground polarization orientation of ≈ 64◦.
perfectly uniform across the field. This is not unex-
pected, given the wide field-of-view of the R-band sur-
vey area. The non-uniformity probably corresponds to
a smooth change in the foreground polarization angle
across the field, since the distribution shows a unique
non-symmetrical wide peak instead of multiple peaks
clearly distinguishable. Even though in this work we are
adopting a single average foreground component, it is rel-
evant to point out that for the purposes of the removal
of this component from background sources (Correction
B), the analysis that will be presented in Section 3.3 is
very robust, and the same results are obtained even if
no subtraction is applied (although Correction A is still
important). The main reason is that the foreground com-
ponent is usually small compared to polarization levels
of background stars, for which the molecular cloud com-
ponent is predominant.
To apply Correction A, in order to be conservative in
the selection of background sources, we consider only
those with AV > 2 mag and p > 2.0% (i.e., those outside
the range of the Gaussian fit from Figure 3a), and we
also exclude sources not found in 2MASS or rejected due
to poor photometry. For Correction B, we first calculate
the mean foreground Q and U Stokes parameters using
the mean foreground polarization that was previously ob-
tained (pV = 0.67% and θV = 64
◦). Then, we subtract
this mean foreground Q and U value from each back-
ground star, finally determining a sample of foreground-
corrected R-band detections which are probably mostly
composed of background sources. The polarization seg-
ments for the foreground-corrected sample is shown in
Figure 1c.
In the case of the H-band sample, the color-color di-
agram (Figure 2b) shows that only a few stars are low
extinction sources (AV < 2 mag). These few objects are
excluded from the final sample, lending the map from
Figure 1d, in which most sources are probably from the
background, given their AV levels. The small fraction
of foreground stars found in the H-band dataset with
2MASS data suggests that even considering the entire
dataset (including objects not found in 2MASS or ex-
cluded due to poor photometry), the vast majority of
stars are probably background sources. Thus, we con-
sider objects not found in 2MASS (or rejected) as back-
ground sources for the H-band polarization analysis in
this work. For subtraction of the foreground component
from background sources (Correction B), we find that in
the H band the contribution is negligible: if p = 0.67%
in the R band, then assuming the Serkowski relation, the
H-band foreground polarization would be approximately
0.15%. Since this is a small level of polarization, lower
than the typical uncertainty in polarization degree, we
choose to ignore its contribution. This avoids introduc-
ing unnecessary systematic uncertainties, since the esti-
mate of 0.15% for the H-band foreground polarization
(extrapolating from the R band) involves assumptions
regarding the peak of the polarization spectral function.
3.3. Relation between polarization segments and the
large-scale cloud orientation
After removal of the foreground stars from the R-band
sample, it is possible to investigate the relation between
the orientation of polarization segments and the large-
scale cloud in which the interstellar filaments are embed-
ded. This may help determine the range of spatial scales
in which magnetic fields might be important in regulat-
ing the gravitational collapse.
Figure 4 shows a histogram of R-band polarization an-
gles (red), excluding the area defined by the RCW 157
Hii region (above the dashed yellow line in Figure 1a).
Although there is a large dispersion, a peak around 141◦
is clearly identified (as shown by the Gaussian fit). In
comparison, the direction perpendicular to the cloud
(θcloud +90
◦) is indicated by the blue line, as ∼ 133◦ (the
cloud’s direction, ≈ 43◦, is shown by the cyan-colored
dotted line in Figure 1c). It is clear that there is an
overall correlation between the large-scale magnetic field
lines and the direction perpendicular to the cloud.
It is important to point out that, particularly for this
analysis, the previous removal of foreground sources was
essential (Correction A), since these comprised a consid-
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Fig. 4.— Histogram (red) of the foreground-corrected orientation
of polarization segments in the R-band (as shown in Figure 1c), ex-
cluding the RCW 157 region. The peak of the distribution (≈ 141◦)
is found through the Gaussian fit, being approximately perpendicu-
lar to the large-scale cloud orientation (θcloud + 90
◦ = 133◦). The
green histogram correspond to foreground objects removed from
the sample (see Correction A in Section 3.2).
erable fraction of the vector sample. The green histogram
in Figure 4 shows foreground stars that were removed
from the sample. Notice that foreground segments in
general are parallel to the cloud, which is an opposite
trend compared to background sources. Comparing Fig-
ures 1a and c, it is straightforward to visualize the sam-
ple of foreground stars that has been removed (which are
mostly low polarization detections parallel to the cloud
orientation). Therefore, if not previously removed, this
component would have introduced considerable contam-
ination in this analysis, impairing the notion that on-site
magnetic field lines in general are perpendicular to the
large-scale cloud.
3.4. Relation between polarization segments and the
orientation of filaments
Figure 5a shows the H-band polarization segments su-
perposed to the Spitzer 8µm image, together with the lo-
cation of filaments represented by colored straight lines.
In Paper I, these structures were distinguished between
hubs and filaments depending on physical features ob-
tained from the NH3 observations: hubs were classified
as structures presenting signs of star formation, as well
as higher rotational temperatures and non-thermal ve-
locity dispersions (Trot ∼ 15 K and σNT ∼ 1 km s−1) as
compared to filaments (Trot ∼ 11 K and σNT ∼ 0.6 km
s−1).
Figure 5b shows a histogram of polarization orienta-
tion in the H band (θH), which includes all the detec-
tions shown in Figure 5a. It clearly exhibits a peak at
θH = 139
◦. It is interesting to note that the main orien-
tation at such smaller scales matches very well the aver-
age orientation at large-scale (from the Figure 4).
The relative orientations of segments and filaments are
projected into the plane of the sky, so the true relative
orientations are unknown. To carry out a quantitative
analysis of the relative orientations, a box was drawn
around each filament, with sizes matching the length
of each structure (from Paper I). Thereafter, segments
inside each box were selected in order to represent the
orientation of magnetic field lines in the immediate sur-
roundings of each filament. For each vector, its orienta-
tion relative to its corresponding filament’s perpendicu-
lar direction was computed (|θH − (θfilament + 90◦)|).
Figures 5c and 5d respectively show the regular dis-
tributions and the Cumulative Distribution Functions
(CDFs), using the relative orientations of segments for
each filament (Hub-S and F60-C2 were omitted). The
histograms and CDFs are shown with colored lines that
match each respective filament (and its box). Although
there is considerable variation in the orientation of po-
larization segments throughout the field, there is a clear
trend for an overall orientation perpendicular to the fil-
aments. This can be seen by the peaks close to zero for
some of the histograms in Figure 5c.
In order to account for the possible geometrical pro-
jection effects, we compared the CDFs to Monte Carlo
simulations of a set of relative projected angles based on
a large number of vector-filament pairs randomly dis-
tributed in tridimensional space. For each individual
simulation, we selected only pairs in which the true rel-
ative orientation was within a certain range of values
(denoted by ∆a). Using this subset of segments, we pro-
jected the pairs in the plane of the sky and then com-
puted the CDF of the projected relative orientations. Ex-
amples for ∆a equal to 0 − 20◦, 0 − 40◦, 0 − 60◦, and
70 − 90◦ are shown in Figure 5d, as well as the random
condition (or 0− 90◦).
To find out which ∆a configuration from the simu-
lations would best represent the segments’ orientations
for each filament, we begin by running it for all possi-
ble ∆a ranges. Then, for each filament, we compare its
observed CDF to each of the various simulated CDFs
through Kolmogorov-Smirnov tests, which are useful to
verify the statistical probability of two different distribu-
tions be drawn from the same ensemble. Finally, the
comparison which provided the larger probability was
chosen as the best simulation that could represent the
observed CDF. The ∆a for the best representative sim-
ulation for each filament is shown in Figure 5d.
As expected by visual inspection, the majority of the
filaments present ∆a upper limits significantly lower than
90◦. This means that there is a very clear trend of fil-
aments and hubs being perpendicular to magnetic field
lines, even when considering that both the filaments and
the polarization segments orientations represent a pro-
jection in the plane of the sky. There are, however, some
situations where the statistics is not ideal (for example,
the small number of detections for F10-C and F10-W)
and a few exceptions, for example: for Hub-N, the best
representative simulation corresponds to a ∆a range be-
tween 31 and 90◦, suggesting a slight trend of magnetic
field lines parallel to the hub. In addition, the distri-
bution for F10-E is only marginally representative of a
perpendicular condition. It is interesting to notice that
these discrepancies occur exactly for the two structures
that are spatially closer to IRAS 18153-1651, the bright
ultra-compact Hii region to the east of Hub-N and F10-E.
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Fig. 5.— Analysis of the relative orientation between H band polarization segments and interstellar filaments. Panel a shows the Spitzer
8µm image with the polarimetric data (same as Figure 1d), as well as dashed colored boxes with sizes equal to each filament’s length
(represented by the solid lines, as defined in Paper I). Panel b shows the histogram of polarization orientation for all H-band detections in
the field. Panels c and d respectively show the regular histograms and cumulative distribution functions (CDFs) of the difference between
polarization angle and the orientation perpendicular to each filament, considering only the segments within the boxes (the colors match
each box in panel a). Black lines shows numerical predictions for the CDFs, as based on Monte Carlo simulations. Preferential ranges for
tridimensional angle differences of ∆a = 0− 20◦, 0− 40◦, 0− 60◦ and 70− 90◦ are indicated as reference, as well as a completely random
distribution (the solid line). The best ∆a match with the simulations for each filament are listed in the gray box.
This suggests that magnetic field lines in these structures
might have been disrupted by the Hii region expansion.
Further discussion is given in Section 4.1.
3.5. Statistical derivation of the magnetic field strength
In order to understand the interplay between magnetic
field support, gravity and turbulence for each filamentary
structure, important physical parameters may be calcu-
lated by combining the H-band polarization data with
velocity dispersion data from molecular-line studies and
density information. These parameters are the plane-
of-the-sky component of the magnetic field strength
(Bpos), the Alfve´n Mach number (MA) and the mass-
to-magnetic-flux ratio (λ).
Given a set of polarization segments surrounding a
certain filament or hub, the Chandrasekhar-Fermi (CF)
theory (Chandrasekhar & Fermi 1953) states that the
magnetic field strength in that volume of the ISM is in-
versely proportional to the angular dispersion of polar-
ization segments, a quantity that is related to turbulence.
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A quantitative method may be applied to study such an-
gular dispersion factor, which represents the signature of
interstellar turbulent motion impinged in the morphol-
ogy of magnetic field lines in that area. The method
consists in a statistical analysis, proposed first by Hilde-
brand et al. (2009) and extended later on by Houde et al.
(2009), which takes into account the effect of the line-of-
sight depolarization. This method has been successfully
applied to optical polarization data (Franco et al. 2010)
as well as to submillimeter polarization data (e.g., Houde
et al. 2011; Girart et al. 2013; Frau et al. 2014).
As shown by Houde et al. (2009) the angular dispersion
function (ADF) can be used to estimate the importance
of the magnetic field. We have estimated the angular dis-
persion function, 1−〈cos[∆Φ(l)]〉, where ∆Φ(l) is the dif-
ference in polarization angles between two points in the
plane of the sky separated by a distance l. The analysis
is based on the assumption of a stationary, homogenous,
and isotropic magnetic field strength and a magnetic field
turbulent correlation length, δ, smaller than the thick-
ness of the cloud ∆′. Under these assumptions, the angu-
lar dispersion function (Equation (42) from Houde et al.
2009) can be expressed as
1− 〈 cos[∆Φ(l)]〉' 〈B
2
t 〉
〈B20〉
1
N
[1− el2/2(δ2+2W 2)]
+
∞∑
j=1
a
′
2j l
2j , (1)
where l is the length scale, W is the standard deviation
of the Gaussian beam (W = FWHM/
√
8 ln 2), δ is the
turbulent correlation length, and N is the number of in-
dependent turbulent cells along the line of sight,
N =
[
(δ2 + 2W 2)∆′√
2piδ3
]
. (2)
The summation term represents the contribution from
the ordered component of the magnetic field that does
not involve turbulence. The coefficient a2j represents to
the steepness of the function in this ordered component.
For stellar polarimetry data, the beam size can be con-
sidered as a pencil beam, since W is negligible relative
to the turbulent length scale δ (thus W may be ignored).
The intercept of the fit to the data of the uncorrelated
part at l = 0, fNC(0), allows us to estimate the turbulent
to large-scale magnetic field energy ratio (〈B2t 〉/〈B20〉) as
〈B2t 〉
〈B20〉
= N fNC(0). (3)
The low statistics obtained in the IRDC G14.2 pre-
vent us to conduct the statistical analysis to fit the ADF
for each filament and hub individually. Instead, to an-
alyze the magnetic field, we considered three different
regions: all the cloud, and the two hub-filament systems
identified in Paper I, Hub-N and Hub-S. We defined a
radius, R = 0.06◦ or ∼ 2 pc, from the center of each
hub (Busquet et al. 2013, 2016) to estimate the angular
dispersion function for all the measurements that are at
a distance < R of the hub. Figure 6 shows the circles
Fig. 6.— Magnetic field direction obtained from H-band polar-
ization data in IRDC G14.2. Red and blue segments indicate the
polarization data used to compute the angular dispersion function
around Hub-N and Hub-S, respectively.
Fig. 7.— Angular dispersion function of the magnetic field seg-
ments detected toward the IRDC G14.2 considering all B-field seg-
ments (top), Hub-N (middle), and Hub-S (bottom) considering,
respectively, the red and blue B-field segments shown in Fig. 6.
The data points and error bars are the mean and standard devi-
ation of all the pairs contained in each bin. The blue dashed line
shows the best fit to the data (Equation 1).
centered in each hub for this radius, indicating the po-
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larization values used to compute the ADF for Hub-N (in
red) and Hub-S (in blue). The radius of 0.06◦ was chosen
using the following criteria: (1) to make sure sufficiently
wide areas around Hubs N and S were covered, while also
avoiding an overlap between them; (2) to avoid including
in the Hub-N area a group of polarization segments to
the right of the red circle that clearly show a different
mean orientation, probably related to the edge of RCW
157 (compare with Figures 1a and b). In Figure 7 we
present the angular dispersion function for all the cloud
(top panel), Hub-N (middle panel), and Hub-S (bottom
panel). One may notice that each function consists of
a gradual rise starting from l = 0, which may be in-
terpreted as a decrease in the correlation of polarization
orientation for segments separated by increasingly larger
angular distances. The behavior of the ADF is slightly
different in the two regions defined around each hub, with
Hub-N having a more flattened slope than Hub-S, indi-
cating that the large-scale magnetic field in the plane of
the sky is quite uniform. The best fit of Eq. 1 to the po-
larimetric data is shown in Fig. 7 with the blue dashed
line.
To calculate 〈B2t 〉/〈B20〉, we begin by estimating N ,
which is related to the cloud thickness along the line
of sight ∆′ =
√
2piNδ (see equation 2). In other star
forming regions, the turbulent correlation length δ was
found to be equal to 16 mpc (OMC-1, Houde et al. 2009;
DR21-OH, Girart et al. 2013), or varying between 13 and
33 mpc in NGC7538 IRS1 (Frau et al. 2014). Based on
these previous estimates, in this work we fix δ = 16 mpc
since it is not the main source of uncertainty, as will be
noted below.
The cloud thickness can be estimated by taking the
ratio between the column density NH2 and the volume
density n(H2). We should point out that both quan-
tities are estimated here for the material surrounding
the filaments, to coincide with the region where the H-
band polarization data is distributed. The volume den-
sity is the main source of uncertainty for this calcula-
tion, so the approach is to find reasonable lower and up-
per limits around the filaments, and use this range as
a proxy to determine the uncertainty in the magnetic
field strength. For the lower limit, we notice that the
C18O (1-0) line data from IRAM 30m (Busquet et al. in
prep.) reveals an emission present over the entire IRDC
G14.2 field, covering not only the dense filaments but
also their surroundings. Thus, a conservative estimate
for the lower limit is the critical density of C18O (1-0)
which is ∼ 1.4× 103 cm−3 (Myers 1999). From the same
molecular line survey, we find that the HCN (1–0) line is
also detected in the more diffuse area between filaments,
thus its effective excitation density 4.5 × 103 cm−3 (as-
suming a temperature of 20 K, see Table 1 of Shirley
2015), is representative of the typical density in this ma-
terial. For the upper limit, we know that the density can-
not be too much higher than 104 cm−3, because molecu-
lar line transitions with higher excitation densities (such
as the HC3N (10–9) line, with and excitation density of
4.3 × 104 cm−3 at 20 K) are found in emission only to-
ward the densest portions of the filaments. Therefore, we
adopt the range of n(H2) between ∼ 1.4× 103 cm−3 and
104 cm−3, and propagate the uncertainties into the cloud
thickness, 〈B2t 〉/〈B20〉, and the magnetic field strength.
The column density (NH2) can be estimated for
the inter-filament region by two independent methods:
(1) Using multiwavelength dust emission maps (from
ground-based – CSO, APEX – and space telescopes –
Herschel, Planck) to carry out a single component, mod-
ified black-body fit to each pixel of the maps (Lin et al.
2016, in prep.). The derived values for the region sam-
pled by NIR polarization are typically T ≈ 20 K and
NH2 ≈ 1022 cm−2; (2) Using the RADEX4 on-line one-
dimensional non-LTE radiative transfer code (van der
Tak et al. 2007) to obtain the column density based on
the C18O (1-0) line. As inputs to the line data model, we
used a line width of ∼ 2 km s−1, temperatures of 20 K
and volume densities in the range of ∼ 1.4×103 cm−3 to
104 cm−3. These inputs result in C18O column densities
between 2×1022 cm−2 and 5×1022 cm−2. Assuming the
standard 16O/18O ratio for the local ISM of 560 (Wilson
& Rood 1994), and adopting the standard abundance of
CO with respect to H2 of 10
−4, we find H2 column den-
sities in the range 1 − 2 × 1022 cm−2. Therefore, NH2
is well constrained by two independent methods to be
≈ 1022 cm−2, and we adopt this as a fixed value to ob-
tain the cloud thickness. The range of cloud thickness
is between 0.32 and 2.31 pc, yielding a number of in-
dependent cells ranging from N = 10 to 60. Using an
average value of N = 35, this implies that 〈B2t 〉/〈B20〉 in
all the cloud is 0.86, while the values are 1.33 and 0.46 in
Hub-N and Hub-S, respectively (see Table 1, which also
shows the uncertainties). Note that around Hub-N there
is equipartition between the perturbed (turbulent) and
ordered magnetic field energies whereas around Hub-S
uniform magnetic field dominates energetically over tur-
bulence.
Finally, the CF equation can be used to derive the
plane-of-sky magnetic field strength for each region
(Equation (57) of Houde et al. 2009):
〈B20〉1/2 ∝ σv n(H2)1/2[〈B2t 〉/〈B20〉]−1/2, (4)
where σv is the velocity dispersion and n(H2) the volume
density. The velocity dispersion was obtained from the
C18O (1–0) data (Busquet et al. in prep.) that traces
the diffuse gas around the dense filaments and hubs,
resulting in ∼ 2 km s−1. It is important to point out
that for the CF method, the relevant velocity disper-
sion component is the one generated by turbulence in the
ISM. For molecular clouds, the thermal velocity disper-
sions are typically much smaller than the non-thermal
velocity dispersions, so it is reasonable to assume that
σv = σv(NT) + σv(thermal) ≈ σv(NT). Moreover, the non-
thermal velocity dispersion component can be produced
by turbulent motions, gravitational infall, or rotation.
Although numerous star-forming regions present signa-
tures of infall even at larger scales (Peretto et al. 2013,
2014; Duarte-Cabral et al. 2014; Henshaw et al. 2014; Liu
et al. 2015; Campbell et al. 2016; Wyrowski et al. 2016),
it is unclear whether it would cause a significant effect
in the observed line-widths in comparison with turbu-
lence, specially in the diffuse regions around filaments.
In this work, we assume that the velocity dispersion de-
rived from the C18O (1–0) data is mostly due to turbulent
4 http://var.sron.nl/radex/radex.php
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motions, but this is a matter that will require further in-
vestigation.
The ordered large-scale magnetic field strength com-
ponent in the plane of the sky, 〈B20〉1/2, for each defined
region is listed in Table 1, where the uncertainties are
derived from the range of volume densities n(H2). Con-
sidering the entire set of H-band polarization data as-
sociated with IRDC G14.2 the sky-projected magnetic
field strength component is 0.39 mG, while for Hub-N
and Hub-S they are given by ∼0.32 and 0.55 mG, re-
spectively.
It is important to point out that if the total magnetic
field Btot has an inclination β 6= 90◦ with respect to the
line-of-sight, then the CF calculation will lead to under-
estimated values, since what is being measured is only
the plane-of-sky component: Bpos = Btot sinβ. The in-
clination β is unknown and therefore it is difficult to cor-
rect for this effect in a precise way. However, Crutcher
et al. (2004) showed that it is possible to account for
it at least statistically by integrating over all possible β
values. That leads to the following correction which is
being applied here: Btot = (4/pi)Bpos. Table 1 lists the
values for the total magnetic field values computed for
each region, with its respective uncertainties.
3.6. Estimates of mass-to-magnetic-flux ratios and
Alfve´n Mach numbers
To understand if magnetic fields are strong enough to
support clouds against gravitational collapse, it is useful
to study the mass-to-magnetic-flux ratio (M/Φ) which is
conveniently calculated relative to a critical value given
by (M/Φ)crit = 1/2pi
√
G (Nakano & Nakamura 1978),
where G is the gravitational constant and Φ is the mag-
netic flux. Crutcher et al. (2004) showed that this rel-
ative quantity may be expressed as a function of the
H2 column density (NH2) and the total magnetic field
strength:
λ =
(M/Φ)
(M/Φ)crit
= 7.6× 10−21
( NH2
cm−2
)(Btot
µG
)−1
(5)
It is known that λ can be affected by the geometry of the
cloud (Crutcher et al. 2004). However, given the intricate
arrangement of filamentary features at the IRDC G14.2
region, we chose not to make any assumptions regarding
its morphology.
Furthermore, in order to access the importance of the
interstellar turbulent motion in disturbing the magnetic
field lines, we calculate the Alfve´n Mach number, which
is given by:
MA =
√
3σv
VA
(6)
where VA = Btot/
√
4piρ is the Alfve´n speed. MA can
be viewed as a measure of the ratio between the turbu-
lent and magnetic energies (in fact, this ratio is given
by M2A), and therefore the sub-alfve´nic (MA < 1) or
super-alfve´nic (MA > 1) conditions indicate whether the
relative importance of magnetic field support against the
gravitational collapse is higher or lower as compared to
turbulence in the ISM. Notice that similarly to the CF
method, we assume that the non-thermal motions are
dominated by turbulence.
To obtain the mass and column density of each de-
fined region we integrate the dust continuum emission at
870 µm (Busquet 2010) over the same area where Bpos is
measured. Notice that this integration also includes the
dense structures within the selected areas, since the goal
of calculating λ is to evaluate the gravitational stability
of the cloud against magnetic field support. In cold and
dense clouds like IRDCs dust grains are supposed to be
coagulated and covered of icy mantles (Peretto & Fuller
2009), so we derived the mass by adopting a dust mass
opacity coefficient at 870 µm of 1.7 cm2 g−1, which cor-
responds to agglomerated grains with thick ice mantles
in cores of densities ∼ 105 cm−3 (Ossenkopf & Henning
1994), and assuming that the dust emission at 870 µm is
optically thin, a gas-to-dust ratio of 100, and a dust tem-
perature of 17 K. Dust temperature has been obtained
using the rotational temperature derived from NH3 data
of Paper I and converted to kinetic temperature though
the prescription adopted by Tafalla et al. (2004). For the
column density, N(H2) = M/µmHA, where µ = 2.8 is
the molecular weight per hydrogen molecule, mH is the
mass of the hydrogen, and A is the area used to derive the
mass. The final values of M , N(H2), λ, and MA are re-
ported in Table 1. As with the magnetic field values, the
uncertainties in λ and MA can reach around a factor of
2. Similar values of MA and λ are found by Pillai et al.
(2015) toward two massive IRDCs using submillimeter
polarization data.
4. DISCUSSION
4.1. Cloud and filament formation through gravitational
collapse parallel to magnetic field lines
The polarization data from large to small scales at the
IRDC G14.2 region show that not only magnetic fields
are tightly perpendicular to the star-forming dense fil-
amentary structures within (with a few exceptions, as
discussed below), but also the cloud as a whole (in which
the filaments constitute the densest parts at the center)
has a long-shaped morphology perpendicular to the lo-
cal magnetic field lines. This suggests a scenario in which
magnetic fields have played an important role in regulat-
ing the gravitational collapse, being dynamically impor-
tant in shaping elongated ISM structures from size scales
of ∼ 30 pc down to ∼ 2 pc.
It is obvious from Figure 4 that there is a large dis-
persion in the relative orientation between the R-band
segments and the cloud. This is not surprising, given
that there are numerous hierarchical substructures and
diffuse filamentary features around the entire region, as
shown by the Herschel image (Figure 1c). Some coupling
between the magnetic field lines and these diffuse clouds
are expected, which may explain a fraction of the disper-
sion observed. However, the general trend of magnetic
fields perpendicular to the cloud is still evident.
At smaller scales (∼ 2 pc), the analysis on Figure 5
shows that filaments and hubs are remarkably well ori-
ented perpendicularly to magnetic field lines. It is inter-
esting to see that field lines show some smooth variations
in orientation inside this area, and the orientation of fil-
aments seem to follow these smooth variations. This is a
further indication that magnetic fields favored the gravi-
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TABLE 1
Physical properties in IRDC G14.2
Region 〈B2t 〉/〈B20〉 Bpos (mG) Btot (mG) M (M) NH2 (cm−2) λ MA
Cloud 0.86± 0.62 0.31+0.28−0.07 0.39+0.36−0.09 4660 2.8× 1022 0.6 0.7
Hub-N 1.33± 0.95 0.25+0.22−0.06 0.32+0.28−0.08 2000 4.5× 1022 1.1 0.8
Hub-S 0.46± 0.33 0.43+0.38−0.10 0.55+0.48−0.13 1550 3.5× 1022 0.5 0.5
Note. — Following Houde et al. (2009) method, the table respectively lists for each defined region the turbulent to uniform magnetic
energy ratio, 〈B2t 〉/〈B20〉, the magnetic field strength in the plane of the sky, Bpos, derived using the CF relation (Eq 4), the total magnetic
field, Btot, the mass, the column density, the mass-to-magnetic-flux ratio (λ) and the Alfve´n Mach number (MA).
tational collapse of these structures parallel to field lines.
Two important exceptions are: Hub-N, which exhibits
a slight trend of magnetic field lines parallel to the struc-
ture; and F10-E, which shows only a marginal perpen-
dicular correlation with the filament axis. It is possible
that the original field morphology in this area has been
disrupted due to its proximity with IRAS 18153-1651, an
ultra-compact Hii region seen in the Spitzer 8µm image
as a bright extended area right next to Hub-N (Figure
5a). Paper I showed that this hub has likely been heated
by the interaction with the ultra-compact Hii region,
and its NH3 velocity is consistent with an expanding
shell. This is consistent with the fact that the turbulent-
to-uniform magnetic field energy ratio (〈B2t 〉/〈B20〉) is
higher in Hub-N, compared to Hub-S and the entire
cloud.
Recent observations show that the presence of mag-
netic fields aligned perpendicularly to filaments seems
to be an ubiquitous characteristic of star-forming clouds
(e.g., Franco et al. 2010; Li et al. 2013; Zhang et al.
2014), at least when considering densities above a cer-
tain threshold. The most recent evidence comes from the
all-sky polarimetic observations of the Planck space tele-
scope: by analysing a group of nearby molecular clouds,
Planck Collaboration et al. (2016) showed that the rela-
tive orientations studied as a function of column density
gradually changes from preferentially parallel or random
to preferentially perpendicular. Furthermore, previous
works by Goldsmith et al. (2008) and Tassis et al. (2009)
also showed that within dense environments, magnetic
fields are most likely perpendicular to the main filamen-
tary structures, perhaps even being responsible for chan-
neling interstellar material through diffuse striated fea-
tures also perpendicular to the filaments. More recently,
Zhang et al. (2014) surveyed a sample of 14 massive star
forming clumps and filaments at 870 µm using the po-
larimeter on the Submillimeter Array. By comparing the
dust polarization at dense core scales of 0.01−0.1 pc with
the pc-scale polarization, they concluded that magnetic
fields play an important role in channeling gas during the
collapse of the clump and the formation of dense cores.
Therefore, magnetic fields appear to be dynamically im-
portant even at scales smaller than 1 pc.
Particularly in IRDC G14.2, Paper I pointed out that
some striations are seen in the NH3 map, converging to-
wards filament F10-E. A visual inspection of the H-band
polarization map shows that segments superposed to the
striations are parallel to them, and perpendicular to the
main filament, suggesting flows of material possibly con-
verging into the main filament are parallel to magnetic
fields (red arrows in Figures 1b and 1d). Some striations
parallel to polarization segments may also be seen after
a close visual inspection of the Hα image (Figure 1b,
red arrows along its bottom-left portion), identified as
dark patches observed against a bright extended emis-
sion. This suggests a scenario similar to the ones ob-
served in the Taurus molecular cloud (Goldsmith et al.
2008), in the Riegel-Crutcher cloud (McClure-Griffiths
et al. 2006), and in Lupus I (Franco & Alves 2015). How-
ever, in these three examples, the interstellar structures
were nearby, which allowed a clearer view of the diffuse
striations.
It is instructive to point out that an alternate expla-
nation for the perpendicular condition between filaments
and magnetic field lines could be proposed: the same con-
figuration would be expected if magnetic field lines were
dragged inwards by infalling material, which could also
produce the striations previously mentioned. However,
it is difficult to reconcile this scenario with the fact that
magnetic fields at large-scales are also perpendicular to
the filamentary features inside the cloud. In addition, the
magnetically dominated gravitational collapse scenario is
supported by MHD simulations, as described in Section
4.2.
4.2. Comparison with simulations and analysis of
stability against magnetic field support and
turbulent motions
Recently, Van Loo et al. (2014) developed numerical
simulations designed to model the non-linear evolution
of a gravitational instability within a layer of interstel-
lar material threaded by magnetic fields. The simula-
tions show that although the presence of magnetic fields
doesn’t seem to influence on settling the filaments’ cen-
tral density profiles (which is more consistent with a typ-
ical hydrodynamical equilibrium structure), they play
an important role in determining their morphological
and spatial distribution. While weak magnetic fields
lead to spiderweb-like filamentary features, strong mag-
netic fields often generate a network of parallel filaments
aligned perpendicular to field lines.
Given the similarities of the model outcomes with the
morphological features of IRDC G14.2, Van Loo et al.
(2014) compared their simulations with a fraction of the
IRDC G14.2 area (specifically around Hub-N) using the
polarimetric data from this work that was available at
that time in Paper I. They find that the formation of
these filaments is consistent with fragmentations of a
layer threaded with strong magnetic fields, leading to
parallel elongated structures perpendicular to field lines.
The polarimetric observations from the present work pro-
vides further support for this model, and generalizes its
conclusions for the entire filamentary network of IRDC
G14.2. The high magnetic field strengths estimated here
(≈ 320 − 550 µG) support a scenario in which the ini-
tial conditions favored a collapse of density perturbations
parallel to magnetic fields, leading to the morphology
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of parallel filaments currently observed. Van Loo et al.
(2014) estimated that for IRDC G14.2, the magnetic field
values would need to be stronger than 12−25 µG in their
“strong magnetic field” model, in which parallel filaments
are expected to be formed. Our estimated values are one
order of magnitude higher than this lower limit, showing
that IRDC G14.2 is well into the strong magnetic field
regime.
Alfve´n Mach numbers (MA) calculated for each defined
region show that the sub-alfve´nic condition is pervasive
at these small scales, implying that the magnetic field
strength dominates over the turbulent motion. Further-
more, the values of λ are in the range 0.5− 1.1, suggest-
ing a sub-critical condition (although they are close to
the critical value, especially considering that there is an
uncertainty in the cloud’s thickness). However, active
star formation is already taking place (Wang et al. 2006;
Povich & Whitney 2010), suggesting that although mag-
netic fields seem to be strong enough to dominate over
turbulence, it was usually not sufficient to prevent the
gravitational collapse, which eventually led to star for-
mation. Therefore the close-to-critical condition might
be related to the filaments’ envelopes, while the denser
interior (not probed by the polarization data) has prob-
ably reached supercritical conditions. λ values may de-
pend on whether the envelopes or the cores are probed
(Bertram et al. 2012).
4.3. Magnetic fields related to the evolutionary sequence
of the IRDC G14.2 complex
Using single-dish 12CO observations, Elmegreen &
Lada (1976) provided the first description of the molec-
ular cloud in which IRDC G14.2 is located, dividing the
region into four fragments named A-D. Fragment C is
roughly coincident with the position of IRDC G14.2. Ac-
cording to Elmegreen & Lada (1976), these fragments
seem to be part of an evolutionary sequence: nearby star-
forming region M17, together with fragments A and B,
are somewhat more evolved, while fragments C and D
appear to be younger.
Using the densities and velocity dispersions from the
12CO data, Elmegreen & Lada (1976) estimated that
the fragments appear to be contracting on a time scale
which is 2-3 times larger than the free-fall time, sug-
gesting that strong internal magnetic fields of ∼ 340µG
could be providing some support against the collapse in
fragment C. Their estimate, which is based on equipar-
tition is remarkably similar to the values of magnetic
field strengths computed in this work for the filamentary
structures within IRDC G14.2. However, it is impor-
tant to point out that interstellar structures with larger
aspect ratios (such as filamentary features) have longer
collapse timescales as compared to spherical clouds (Pon
et al. 2012). Thus, an alternative explanation for the
2-3 times discrepancy in contraction time observed by
Elmegreen & Lada (1976) is due to the filamentary na-
ture of the cloud, which couldn’t be inferred using the
low resolution 12CO data.
Another interesting evolutionary aspect of this region,
revealed by Povich & Whitney (2010), is that there seems
to be a lack of O-type stars, leading to an initial mass
function significantly steeper than the Salpeter IMF. It
is unclear, however, whether the support against gravi-
tational collapse provided by strong magnetic fields, had
any influence on halting or delaying the formation of mas-
sive stars.
4.4. Magnetic fields at the RCW 157 Hii region
In mapping the large scale interstellar polarization
around IRDC G14.2, a significant fraction of the RCW
157 Hii region was covered (top-right of Figure 1a and
c). Therefore, as a side-product of this work, it offers the
opportunity to analyze the magnetic field morphology in
this structure at least in a qualitative manner. Figure
1a shows that this area is dominated by a bright Hα
extended emission. Pillars and “elephant trunks” are
seen as dark patches in absorption against this bright
Hα glow, extending inwards at the edge of the Hii region
(black arrow in Figure 1a). These finger-shaped features
are usually generated by radiatively-driven effects, and
are commonly observed in this kind of environment.
It is clear that the general polarization orientation to-
wards RCW 157 is markedly different from the southern
areas (compare Figure 1c above and below the dashed
yellow line): the segments usually span orientations be-
tween 80 and 100◦, while the typical large-scale orien-
tation in the IRDC G14.2 area is ≈ 140◦. Moreover,
although several interstellar substructures are observed
at RCW 157, the magnetic field morphology seems fairly
well oriented: particularly at the northern portion of the
map (α < 18h17m30s and δ > −16◦38′), the angular dis-
persion is only 15◦. Furthermore, along the edges of the
Hii region, polarization segments in general are parallel
to the borders (i.e., parallel to the dashed yellow line).
In previous works, it has been shown that the expansion
of an Hii region can modify the original magnetic field
orientation, pilling up field lines along its borders (San-
tos et al. 2012, 2014). The higher magnetic field strength
due to the pilling effect can lead to low polarization angle
dispersions. These qualitative features observed at RCW
157 suggest that a similar effect might be ongoing in this
area. The uniformly-oriented polarization segments are
probably probing the expanding interstellar shell along
the line-of-sight.
It is also interesting to see that the finger-shaped pil-
lars are parallel to polarization segments. This configu-
ration is expected, because during the formation of these
structures, magnetic fields are swept out by the expand-
ing front and its lines are wrapped around the pillars.
These observations give support to radiation-MHD simu-
lations of Hii regions forming within magnetized molecu-
lar clouds, which predict very similar characteristics (Pe-
ters et al. 2011; Arthur et al. 2011).
5. CONCLUSIONS
In this work we have studied the morphological rela-
tion between magnetic fields and the various interstellar
structures at the IRDC G14.2 star-forming complex. Our
goal was achieved through polarimetric observations of
background stars in the optical and NIR spectral bands,
aimed respectively at the large-scale cloud and the small-
scale filamentary structures within its densest portions.
The analysis was carried out after careful removal and
correction of the foreground polarization component. Be-
low is a list of the main conclusions:
1. We compared the orientation of magnetic fields
with filaments and hubs, and also with the molec-
ular cloud in which these structures are embedded.
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It is clear that magnetic fields are perpendicular
both to the small-scale filamentary features and to
the large-scale cloud. For filaments, this condition
holds true with few exceptions even when consider-
ing Monte Carlo simulations which account for sky-
projection effects. These characteristics are consis-
tent with a scenario in which magnetic fields regu-
lated the gravitational collapse from large (≈ 30 pc)
to small scales (≈ 2 pc);
2. Combining the polarization data with dust emis-
sion and molecular line observations, we estimate
total magnetic fields strengths, Alfve´n Mach num-
bers and mass-to-magnetic-flux ratios. The struc-
tures are predominantly in a sub-alfe´nic and in
close-to-critical condition, suggesting that mag-
netic fields are strong enough to overcome tur-
bulent motions, but not sufficient to prevent the
gravitational collapse. The high magnetic field
values corroborate previous numerical simulations
that show that these conditions eventually lead to a
gravitational instability developing along magnetic
field lines, therefore generating filaments organized
in a parallel arrangement;
3. The range of magnetic field values obtained for the
filaments and hubs (≈ 320 − 550µG) is consistent
with estimates based on simple equipartition as-
sumptions by Elmegreen & Lada (1976), who sug-
gested that internal magnetic field strengths would
be around 340µG. According to their interpreta-
tion, the presence of such strong magnetic fields
might be a necessary condition to explain why the
large-scale cloud is possibly contracting in a time
scale 2 − 3 times larger than what expected from
the free-fall time.
As a precursor to a massive OB association present-
ing numerous filamentary interstellar features and young
stellar sources, the IRDC G14.2 cloud proves to be an
ideal star-forming site to study the underlying physical
conditions regulating the gravitational collapse. This is
an important target for additional analysis, particularly
using high-resolution polarization emission surveys (in
the far-infrared or submillimeter wavelengths) or even
spectral data focused on Zeeman splitting. This would
be a natural continuation of this work, given the signif-
icant role played by magnetic fields in shaping the fila-
mentary morphology and regulating the collapse. More
specifically, magnetic field strengths (along with MA and
λ values) could be better constrained with this kind of
observation, specially if comparisons with numerical sim-
ulations are made, assuming the specific physical condi-
tions of this cloud and its sub-structures.
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